α-Benzilmonoxime in sodium dodecylsulfate micellar media has been used for the spectrophotometric determination of cobalt at pH 9.0. The linear range of calibration is 0.05 -1.50 µg cm -3 of cobalt at 380 nm with molar absorptivity of 3.72 × 10 4 dm 3 mol -1 cm -1 , which is about 1.5-times greater than that of the α-benzilmonoxime extraction based method. The relative standard deviations, recoveries, detection limit and effects of diverse ions on the determination of cobalt were studied. These analytical results were satisfactory. The method was successfully applied to the determination of cobalt in the various samples.
Cobalt alloys are used in some industrial products because of their sufficient hardness and resistivity against oxidation at high temperatures, for example, in the manufacturing of turbine blades and cutting tools. Cobalt-60 is used as an efficient radioactive tracer and an anti-cancer treatment agent in medicine. Some cobalt compounds, such as vitamin B12 (cyanocobalamin), are important for biological activities. 1 Therefore, the determination of cobalt is valuable for the quality control of artificial and biological samples in a simple, selective and sensitive manner.
Surfactants at concentrations above their critical micelle concentration (CMC) aggregate and produce homogeneous colonies, called micelle, with unique properties. Organic compounds and nonionic complexes in aqueous solutions are distributed between the non-polar core of the micelles and the bulk of the solutions. Micelles can also act as equilibrium shifters and powerful stabilizing agents for non-polars. 2 Micellar systems have been conveniently used in UV-Vis spectrophotometry, because they are stable in aqueous solutions and are optically transparent, enhance the sensitivity, and are readily available. 3 Determination in micellar solutions has advantages, such as low time consuming, simplicity and safety for health and environment, which are not obtained in solventextraction based techniques.
In previous papers, 4-7 some analytical applications of α-benzilmonoxime have been reported. In the present work, cobalt was determined spectrophotometrically with high sensitivity and selectivity using α-benzilmonoxime in sodium dodecylsulfate (SDS) micellar media.
Sensitivity and selectivity enhancement and low time consuming as well as environmental and health safety due to avoiding the use of organic solvents are advantages of the method against the previous extraction-spectrophotometric method. 6 
Experimental
Reagents and chemicals α-Benzilmonoxime was prepared and purified in our laboratory using a previously reported method. 8 A 0.050 mol dm -3 stock solution of the reagent in ethanol was prepared in a 100.0 cm 3 volumetric flask. Sodium dodecylsulfate, Tween 80 and Triton X-100 were purchased from Merck company. Solutions of these detergents in 0.20 mol dm -3 were prepared in 250.0 cm 3 volumetric flasks as their stock solutions. A 1000 µg cm -3 cobalt solution was prepared in a 1000.0 cm 3 volumetric flask from CoCl2·6H2O (Merck) and standardized with 1-nitroso-2-naphthol, 9 then used as a stock solution. Doubledistilled water was used throughout all experiments.
Apparatus
A Cecil UV-Vis double-beam scanning spectrophotometer (Model CE 9020) with one pair of 10 mm quartz matched cells and a Cecil UV-Vis single beam spectrophotometer (Model CE 1021) were used to obtain spectra and absorbances, respectively. 
Results and Discussion

Absorption spectra
Absorbance spectra of solutions containing a fixed amount of cobalt(II) were recorded against their blank for various micellizing agents. Important spectral characteristics of the spectra, such as the maximum wavelengths and their molar absorptivities, were obtained. The results are presented in Table  1 . According to the results, the molar absoptivities of the cobalt complex formed do not show any considerable differences in the tested micellar solutions. SDS was selected as a micellizing agent for further work. The absorbance spectra in SDS micellar solutions are shown in Fig. 1 .
Optimization of variables
One at a time, the optimization procedure was tested to obtain the optimum condition. Spectrophotometric measurements were first carried out at different pH values, while keeping the other parameters constant.
Two types of buffers were evaluated. The results are shown in Fig. 2 . Ammonia buffers with pH values of 7.51 -10.47 produced better sensitivity than a borate-phosphate-acetate buffer (an universal buffer). This may have been due to the tendency of cobalt to form complexes with phosphate species. An ammonia buffer at pH 9.0 was selected for further studies.
The concentration of α-benzilmonoxime was varied over the range of 0.0 -4.0 mmol dm -3 of the reagent. The sensitivity was increased by increasing the concentration of α-benzilmonoxime up to 2.2 mmol dm -3 , which then reached a plateau for more concentrations.
α-Benzilmonoxime 2.5 mmol dm -3 was selected for the next studies. The results are given in Fig. 3 . The influence of the SDS concentration as a micellizing agent on the sensitivity of the method and the solubilizing power of the medium for the formed complex was investigated. SDS concentrations of more than 20.0 mmol dm -3 resulted in similar, maximum and stable absorbances. A SDS concentration of 40.0 mmol dm -3 was selected for further work.
The absorbance of the sample solutions under different concentrations of sodium sulfate and sodium nitrate was also measured for studying the influence of the ionic strength. No sensible differences in the absorbance were observed up to 0.30 mmol dm -3 of these salts in the samples. A simplex program 10 was applied to optimize the condition. The α-benzilmonoxime concentration and pH were optimized simultaneously. The program proposed optimum condition was 2.5 mmol dm -3 α-benzilmonoxime and pH 7.80. However, the optimized parameters obtained by a one at a time optimization procedure were selected for further studies.
Calibration, precision and accuracy
Under the one at a time optimized condition (2.5 mmol dm -3 α-benzilmonoxime, pH 9.0 and a SDS concentration of 40.0 mmol dm -3 ), standard concentrations of cobalt were prepared and a calibration graph was obtained using the proposed procedure Ten blank signals were measured at 380 nm and the detection limit was calculated as 0.01 µg cm -3 . The precision and accuracy were obtained for minimum, middle and maximum concentrations of cobalt in the working range. The results are presented in Table 2 .
Effect of foreign ions
The effects of diverse ions on the determination of cobalt was studied to evaluate the selectivity of the proposed procedure. An error of ±3S in the absorbance of 8.0 µg cobalt, was considered to be tolerable. The results are presented in Table 3 . Based on these results, low interference effects of Ni(II) and Cu(II) on the determination of cobalt were observed. This is an advantage of this method. The addition of acid after complex formation caused the dissociation of the Ni and Cu complexes of α-benzilmonoxime, but the cobalt complex was not dissociated during the analytical time with the added acid. This may have been due to the oxidation of Co(II) to Co(III) in the sample solutions. Because Co(III) complexes are inert, they were not dissociated after the addition of acid. A previously reported extraction-backextraction procedure to remove interferences of Cr(III) and Fe(III) was applied. 6 By this procedure, interferences of up to 100 times these cations have been removed. The results are given in Table 3 .
Application
The contents of vitamin B12 as cobalt in four ampoules for injection were decomposed in a 50 cm 3 round-bottom flask by heating with a 5.0 cm 3 mixture containing concentrated nitric and sulfuric acids (10 + 1) on a hot plate until near dryness. 11 A dropwise addition of concentrated nitric acid was needed to obtain a colorless residue. The residue was neutralized with a dilute sodium hydroxide solution, and was then diluted to an appropriate volume (50.0 cm 3 ). The cobalt contents were analyzed using 2.0 cm 3 of the solutions by the recommended procedure. A standard method using Nitroso-R salt has also been used 12 as a reference method. The results are given in Table 4 .
For After neutralization and appropriate dilution of the residue, the cobalt content was analyzed by the recommended procedure ( Table 5 ). The cobalt contents of 10.0-cm 3 sample solutions (containing 100 µg cobalt and the other metals listed in Table 5 ) were separated by the extraction-backextraction method, 6 and were then determined to show the applicabilities of the cobalt determination procedure for the analysis of alloys.
Conclusion
Cobalt can be determined spectrophotometrically with α-benzilmonoxime in SDS micellar solutions. The determination is simple, selective, sensitive, accurate and reproducible, which is suitable for the determination of cobalt in biological and alloy samples.
